Abstract. The function of microsatellite instability (MSI) and the optimal panel of markers for epithelial ovarian cancer (EOC) are not well established. This study aimed to use the National Cancer Institute (NCI) markers BAT25, BAT26, D2S123, D5S346 and D17S250 to evaluate MSI in patients with ovarian serous cystadenocarcinoma, compared with ovarian serous cystadenoma and normal ovaries. A total of 37 patients were divided into three groups, as follows: cystadenocarcinoma (n=13), cystadenoma (n=10) and normal ovaries (n=14). DNA was extracted with TRIzol and quantified by spectrophotometry. MSI was evaluated by polymerase chain reaction (PCR), and classified as high (MSI-H), low (MSI-L) or stable (MSS). FIGO staging was I/II in 23.1% and III/IV in 76.9% of the cystadenocarcinoma group. Polymorphisms were found using at least one marker in 32 women, and were observed with D2S123 (83.7%), D17S250 (81.1%), D5S346 (72.9%), BAT25 (21.6%) and BAT26 (16.2%) markers. In the cystadenocarcinoma group, BAT25, BAT26, D2S123, D5S346 and D17S250 markers were positive in 30.8, 76.9, 53.8, 69.2 and 69.2% of patients, respectively. The same markers were positive in 30, 50, 40, 60 and 30% of the cystadenoma group, and 50, 71.4, 71.4, 64.3 and 63.3% in the normal ovary group, respectively. MSI-H was present in 84.6, 60 and 78.6% of the cystadenocarcinoma, cystadenoma and normal patients, respectively. MSI-L was detected in 0, 30 and 7.1%, and MSS was identified in 15.4, 10 and 14.3% of the cystadenocarcinoma, cystadenoma and normal patients, respectively. The frequency of MSI in both benign epithelial ovarian neoplasms and in normal ovaries was high, as well as in EOC, with no statistically significant difference between the groups. This suggests that MSI may arise as a consequence of the ovulatory process, and not solely as a feature of malignant ovarian tumors.
Introduction
Epithelial ovarian cancer (EOC) has a high mortality rate (1); it is the leading cause of death among gynecological tumors, and the fourth leading cause of cancer-related mortality among women in the United States (2) . Due its nonspecific symptoms and lack of effective screening methods (3) , approximately two-thirds of cases are diagnosed in stages III and IV, with a five-year survival rate of 10-20% (4, 5) . Approximately 90% of ovarian tumors originate from epithelial cells (6, 7) . The mortality rate has not changed in the last two decades (8) .
A group of enzymes known as the DNA mismatch repair (MMR) system is responsible for repairing mutations. Hereditary nonpolyposis colorectal cancer (HNPCC) is the third leading cause of hereditary ovarian cancer, and is caused by mutations in genes of the MMR system. One of the consequences of deficient MMR is microsatellite instability (9) , which carries somatic mutations in tumor suppressor genes, oncogenes, apoptosis and detoxification genes, and is involved in both the initiation and progression of tumors (10) .
HNPCC has been studied using a panel of five National Cancer Institute (NCI) markers, which includes two mononucleotides (BAT25 and BAT26) and three dinucleotides (D2S123, D5S346 and D17S250) (11) . MSI is identified when the alleles detected in the microsatellite DNA of tumor samples are not present in normal tissue samples from the same individual (12) . It is also believed that genetic changes may occur in response to constant ovulation (13, 14) .
The identification of MMR system mutations by microsatellite instability (MSI) in women with EOC may help us to understand tumor biology and its pathogenesis (11, 15, 16) . Despite the evidence of the involvement of the MMR system in the complex process of ovarian carcinogenesis, the actual function of MSI and the optimal panel of markers for EOC are not well established (9, 17) . This study uses the NCI markers with the aim of evaluating the expression of MSI in patients with ovarian serous cystadenocarcinoma, compared with ovarian serous cystadenoma and normal ovaries.
Evaluation of microsatellite instability in women
with epithelial ovarian cancer 
Materials and methods

Patients.
A total of 37 patients were prospectively evaluated in three different groups, as follows: ovarian serous cystadenocarcinoma (n=13), ovarian serous cystadenoma (n=10) and normal ovaries (n=14), from February 2008 to July 2010. The study was approved by the ethics committee of UNA University Center (protocol 0005.0.391.000-10) and all patients signed informed consent forms. All patients underwent clinical and gynecological examination and transvaginal ultrasound, prior to the study. Surgical staging was performed in patients with ovarian serous cystadenocarcinoma, according to the International Federation of Gynecology and Obstetrics (FIGO). Normal ovarian tissue was obtained from patients undergoing oophorectomy, during total abdominal hysterectomy for treatment of benign gynecological disease. Histological evaluation was performed by a pathologist. None of the patients had received prior treatment with chemotherapy and/or radiotherapy, or acute infectious peritoneal process.
Polymorphisms and microsatellite instability. Peripheral blood samples were collected prior to the induction of anesthesia in tubes containing EDTA (Becton Dickinson, Franklin Lakes, NJ, USA). Ovarian tissue samples were collected intraoperatively from the solid portion of the tumor without necrosis, and immediately frozen in liquid nitrogen. DNA was extracted with 1 m1 TRIzol ® reagent (Invitrogen, Carlsbad, CA, USA), using 50-100 mg frozen ovarian tissue or 500 µl blood. The gDNA was quantified using the NanoVue spectrophotometer Pathlength Fluid Calibration kit (GE Healthcare, Little Chalfont, Buckinghamshire, UK) at wavelengths of 260 and 280 nm.
The MSI was evaluated using the primers described in Table I , in two different PCR reactions (blood and ovarian tissue). We used GoTaq ® -Green Master mix 1X (Promega, Sao Paulo, SP, Brazil), 1 µM of each primer, and 10 ng DNA from each sample. Tubes were incubated at 95˚C for 2 min to denature the sample. Cycles of PCR amplification were performed as follows: denaturation at 94˚C for 30 sec, annealing at 52, 55 or 56˚C for 45 sec, extension at 72˚C for 30 sec, and a final extension at 72˚C for 5 min (Table I) . A 15-µl sample of the PCR products was analyzed by 7.5% polyacrylamide gel electrophoresis at 100 volts. The gels were then incubated in freshly prepared silver nitrate solution (0.2%). PCR was performed with negative and positive controls.
The identification of polymorphisms and analysis of genomic instability were performed by comparing amplified alleles in samples of ovarian tissue and peripheral blood. Presence of MSI was confirmed when monomorphic or polymorphic variants identified in microsatellite DNA in ovarian tissue samples were not present in the peripheral blood sample from the same individual. The level of MSI was classified as high (MSI-H) when two or more of the markers tested demonstrated instability, low (MSI-L) when one of the markers tested demonstrated instability, or stable (MSS) when no instability was detected. All analyses were reviewed by two authors independently.
Real-time PCR. cDNA was generated from 2 mg total RNA using Illustra Ready-to-Go RT-PCR beads (GE Healthcare) in a total volume of 50 µl, according to the manufacturer's instructions. PCR primers were used as described in previous publications: MLH1: forward, 5'-CTGAAGGCACTTCCGTT GAG-3' and reverse, 5'-TGGCCGCTGGATAACTTC-3'; MSH2: forward, 5'-GAGGCTCTCCTCATCCAGATTG-3' and reverse, 5'-GGCCTGGAATCTCCTCTATCAC-3'; TATA: forward, 5'-TGCACAGGAGCCAAGAGTGAA-3' and reverse, 5'-CACATCACAGCTCCCCACCA-3' (18). qRT-PCR was performed using 10 µl duplicate reactions with 1X Brilliant II SYBR ® -Green qPCR Master mix (Agilent Technologies, La Jolla, CA, USA), 0.2 µl Rox (1:500), 0.25-0.30 µM of the primers, and 40 ng/µl cDNA (RNA equivalent) for each experiment. The Agilent MX 3005P detection system (Stratagene) was used. The reference loci TATA binding protein (TBP) was used as the normalization gene. PCR amplification was performed as follows: 95˚C for 10 min; 40 cycles of 95˚C for 30 sec, annealing at 60˚C for 60 sec and extension at 72˚C for 60 sec. The optimization of the RT-qPCR reaction was performed according to the manufacturer's instructions. No template controls were included in the assay for any gene. A melting curve was constructed for each primer pair to confirm the product specificity.
Statistical analysis was performed with SPSS 18.0 (SPSS Inc., Chicago, IL, USA). The Chi-square and Fisher's exact tests were used to establish the differences between the groups. Gene expression levels from qPCR were compared using the Kruskal-Wallis test. P<0.05 was considered to indicate a statistically significant result.
Results
The FIGO stage was I/II in three patients (23.1%) and III/IV in 10 patients (76.9%) in the serous cystadenocarcinoma group. There were no differences between the groups regarding age (P=0.254) or parity (P=0.994), but there was a difference with regard to menopausal status (P=0.013; Table II) .
Polymorphisms were found using at least one marker in 32 women (86.4%), and were observed with D2S123 (83.7%), D17S250 (81.1%), D5S346 (72.9%), BAT25 (21.6%) and BAT26 (16.2%) markers. Polymorphisms were similar between MSS samples for D2S123, while the polymorphism observed for D5S346 differed between the MSI samples of ovarian tissue and peripheral blood. Fig. 1 shows the results of MSI analysis in patients with cystadenocarcinoma, cystadenoma and normal ovaries, respectively.
MSI was identified in 25 cases (67.6%) with BAT26, 24 cases (64.9%) with D5S346, 21 cases (56.8%) with D2S123 and D17S250, and 14 cases (37.8%) with BAT25. In the cystadenocarcinoma group, BAT25, BAT26, D2S123, D5S346 and D17S250 markers were positive in 30.8, 76.9, 53.8, 69.2 and 69.2% of patients, respectively. The same markers were positive for 30, 50, 40, 60 and 30% in the cystadenoma group, and 50, 71.4, 71.4, 64.3 and 63.3% of the normal ovary group, respectively. There were no differences between the specific NCI markers among the three studied groups (Fig. 2, Table II) .
MSI-H was present in 84.6, 60 and 78.6% of the cystadenocarcinoma, cystadenoma and normal patients, respectively. Although there was a lower incidence of MSI-H in the cystad- enoma group, the difference was not statistically significant. MSI-L was detected in 0, 30 and 7.1%, and MSS was identified in 15.4, 10 and 14.3% of the cystadenocarcinoma, cystadenoma and normal patients, respectively (Fig. 3) . MLH1 and MSH2 gene expression by qPCR revealed no statistically significant difference among the three studied groups (P=0.089 and P=0.122, respectively; Fig. 4 ).
Discussion
Despite advances in EOC therapy, mortality and morbidity have not changed in recent decades (8) . The MMR system is a well-defined molecular pathway of carcinogenesis in hereditary and sporadic tumors (9) .
Several techniques have been used to evaluate the MMR system, and, in the present study, we assessed MMR deficiencies through the analysis of MSI in patients with EOC compared with benign and normal ovarian tissue, which is a technique frequently used by other researchers. A variety of markers used to identify MSI in EOC have been described in the literature, but the optimal markers are not yet well defined.
In our study, MSI was observed in 84.6% of serous cystadenocarcinoma patients, and all of them had MSI-H. In 2001, Sood et al were the first to use the NCI markers to determine MSI in patients with EOC (11). These authors reported an MSI frequency of 19%, of which 11% had MSI-H, and 8% had MSI-L. In 2006, Lu et al used the same NCI markers and identified MSI in 53% of patients, of which 20% had MSI-H (19). In 2008, Yoon et al reported an MSI frequency of 8%, of which 4% had MSI-H (20) . The sample size may explain the differences found in the frequency of MSI between the present study and those in the literature. The highest frequency of MSI was found with the BAT26 marker (67.6%) followed by the D5S346 marker (64.9%). Sood et al reported that BAT25 was the most frequent (11%), followed by D5S346 (10%).
An important feature taken into account in the study of Sood et al was the polymorphic variation in the amplification of alleles of NCI markers. Polymorphism identification can prevent a polymorphic marker from being characterized as unstable, which would undermine the results. In the present study, polymorphism was also considered for the determination of MSI. Among the 37 women studied, 32 (86.4%) revealed polymorphism in the microsatellite analysis. The highest frequency of polymorphism was observed in the D2S123 (83%) and D17S250 markers (81%).
To assist in the identification of polymorphisms and MSI we compared DNA leukocytes with the DNA of ovarian tissue. The present study used peripheral blood samples, similar to Sood et al in 2001, while in 2008 Yoon et al utilized samples from paraffinized gynecological tissue for normal DNA extraction (11, 20) .
Data in the literature suggests that women with malignant ovarian tumors associated with a deficiency of the MMR system have a higher survival rate, possibly related to less aggressive tumor behavior (21, 22) . In addition, MMR deficiency may be a predictor of tumor resistance to chemotherapy (15, 23) . However, a systematic review involving 22 studies found that the association between clinical and/or epidemiological factors with MSI or MMR system deficiencies in EOC has not been adequately studied (24) . In this study, there was no statistically significant association of MSI with clinical data in the different comparison groups. The menopausal status was the only statistically significant difference between groups, but this factor was not associated with MSI (P=0.542).
In the present study, MSI of EOC was compared with cystadenoma and normal ovarian tissue. To the best of our knowledge, no other studies have used identical comparison groups. The frequency of MSI in both benign epithelial ovarian neoplasms and normal ovaries was high, as well as in EOC, with no statistically significant difference between groups. This suggests that MSI may arise as a consequence of the ovulatory process, and not solely as a feature of malignant ovarian tumor development. Repeated injuries in ovarian epithelium, due to an incessant ovulatory process, would result in genetic alterations that compromise the MMR system, culminating in MSI.
Additionally, to better assess the DNA mismatch repair system, we studied MLH1 and MSH2 gene expression using qPCR. Our results did not demonstrate any difference between groups when comparing normal, cystadenoma and cystadenocarcinoma samples.
Ovulation requires intense cell replication to repair and restore epithelial ovarian microtrauma and may induce permanent genetic changes that accumulate in cellular DNA, causing a malfunction of the cell, which predisposes it to epithelial ovarian mutagenesis (13, 14) . The presence of MSI as a consequence of the ovulatory process reinforces the importance of certain clinical risk factors, including early menarche, late menopause and infertility, while factors that decrease the number of ovulatory cycles, such as pregnancy, lactation and contraceptive use, reduce the risk of ovarian cancer throughout life (25) .
The results revealed a high frequency of MSI in normal ovarian tissue, benign and malignant tumors of the ovary, with no difference in the expression of the MMR system genes, suggesting that MSI may be inherent to the ovulatory process. In conclusion, MSI does not appear to play a role in ovarian carcinogenesis.
